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[57] ABSTRACT

According to the invention, a well region is formed on a
semiconductor substrate. An n™-type first semiconductor
region 1s formed in the well region, and an input pad for
recelving an external signal is connected near the first
semiconductor region. This input pad is connected to an
input circuit of an integrated circuit constituted by an
inverter circuit and to an external terminal for receiving an
external signal. N™-type second semiconductor regions are
formed in the well region located on both sides of the first
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INPUT PROTECTION CIRCUIT FORMED IN
A SEMICONDUCTOR SUBSTRATE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a semiconductor device
such as a large scale integrated circuit (LSI) and, more
particularly, to an element structure of an input protection
circuit section.

2. Description of the Related Art

In general, elements in the chip of a semiconductor device
such as an LSI are broken down when a high voltage
accidentally applied to external terminals of the semicon-
ductor device or ESD (ElectroStatic Discharge) occurs, i.e.,
static electricity charged in a human body is discharged to
the external terminals. As a countermeasure against this, an

input protection circuit is generally arranged to protect the
elements in the LSI.

FIG. 1 shows an element structure of an input protection
- cIrcuit section in a conventional LSI, e.g., a 1-Mbit dynamic
random access memory (DRAM). In FIG. 1, reference
numeral 21 denotes a p-type semiconductor substrate; 22, an
n"-type first semiconductor region (n*-type diffusion layer )
formed in a part of the surface. region of the p-type substrate
21 and connected to an input pad 25 for receiving an external
signal; and 23 and 24, n™-type second semiconductor regions
(n*-type diffusion layers), formed in a part of the surface
region of the p-type substrate 21, for receiving a ground
potential Vss. An input circuit section (not shown) of the LSI
1s connected to the input pad 2S5.

- FIG. 2 shows an equivalent circuit of the input protection
circuit section shown in FIG. 1. In FIG. 2, reference numeral
26 denotes a resistor component between the input pad 25
and the n"-type diffusion layer 22, and the reference numeral
27 denotes a parasitic bipolar transistor (npn transistor)
formed by the n*-type diffusion layer 22, the p-type sub-
strate 21, and the n"-type diffusion layers 23 and 24. The
base potential of the parasitic bipolar transistor 27 is equal
to the potential of the substrate 21, and a back gate bias
potential VBB is normally given as this potential.

In the 1nput protection circuit section having the above
arrangement, when a high voltage is accidentally applied to
an external terminal (not shown) connected to the input pad
23 or electrostatic discharge occurs, an overcurrent flows
from the n™-type diffusion layer 22 connected to the input

pad 25 to the n"-type diffusion layers 23 and 24 to prevent

breakdown of circuit elements in the LSI.

The base potential of the parasitic bipolar transistor 27 is
equal to the back gate bias potential Vg, and the back gate
bias potential V55 1s used in a transistor of a memory cell
array section or cell peripheral circuit section (not shown)
arranged on the semiconductor substrate 21. For this reason,
when an overcurrent flows from an external terminal (not
shown) to the input pad 23 due to electrostatic discharge, a
large amount of current flows to the semiconductor substrate
21 to cause the substrate potential to be unstable, and the
transistors of the memory cell array section or cell peripheral
circuit section may be broken down.

In a test for an integrated circuit, a predetermined negative
potential {V,,) is applied to an external terminal (not shown)
connected to the input pad 25. At this time, minority carriers
generated by the n™-type diffusion layer 22 connected to the
input pad 25 flow into the semiconductor substrate 21 to
cause the back gate bias potential Vg5 to be unstable. For
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this reason, in other sections except for the input protection
circuit section, a transistor using the back gate bias potential
Vg may be erroneously operated.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide a
semiconductor device having a highly reliable input protec-
tion circuit section in which, when electrostatic discharge
causes an overcurrent to flow into an input pad for receiving
an external signal, a substrate potential can be kept stable,
breakdown of a transistor using the substrate potential can
be prevented in other circuit sections except for the input
protection circuit section.

It is another object of the present invention to provide a
semiconductor device having a highly reliable input protec-
tion circuit section in which, when a negative test potential
(V,,) is applied to an input pad, a substrate potential can be
kept stable, an erroneous operation of a transistor using the
substrate potential can be prevented in other circuit sections
except for the input protection circuit section.

In order to achieve the above objects, according to the
present invention, there is provided a semiconductor device
COmprising:

a semiconductor substrate of a first conductivity type;

a well region of a second conductivity type formed in a
part of a surface region of the semiconductor substrate;

a first semiconductor region of the first conductivity type
formed in a part of a surface region of the well region and

connected to an input pad for receiving an external signal;

a second semiconductor region of the first conductivity
type and a third semiconductor region of the second con-
ductivity type, formed in parts of the surface region of the
well region, for receiving a predetermined potential;

wherein the well region includes no semiconductor region
other than the first, second, and third semiconductor regions
and is formed independently of other semiconductor circuits
arranged in the semiconductor substrate.

According to the present invention, a parasitic bipolar
transistor and a parasitic diode are formed in a well region
independently of other circuit elements in a semiconductor
substrate. The parasitic bipolar transistor and the parasitic
diode are connected in parallel to an input pad. In addition,
the base potential of the parasitic bipolar transistor is not
equal to a back gate bias potential but equal to a constant
potential such as a ground potential. Therefore, when a high
voltage is accidentally applied to the input pad or electro-
static discharge occurs, an overcurrent flows into the para-
sitic bipolar transistor connected to the input pad so as to
prevent breakdown of other circuit elements. In addition,
when an overcurrent flows into the well region, a substrate
potential does not become unstable, and breakdown of other

circuit elements using the substrate potential can be pre
vented. |

Assuming that the first and second conductivity types are
set to be n and p types, respectively, in a test for a
semiconductor device, even when a negative test potential
(V;) 1s applied to the input pad to allow a current to flow
into the parasitic diode, the substrate potential does not
become unstable, breakdown of other circuit elements using
the substrate potential can be prevented.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of the specification, illustrate presently
preferred embodiments. of the invention, and together with
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the general description given above and the detailed descrip-
tion of the preferred embodiments given below, serve to
explain the principles of the invention.

FiG. 1 is a sectional view showing an input protection
circuit section of a conventional semiconductor device;

FIG. 2 is a circuit diagram showing an equivalent circuit
of the input protection circuit section shown in FIG. 1;

FIG. 3 is a sectional view showing the first embodiment
of the present invention;

FIG. 4 is a plan view showing a pattern of the input
protection circuit section shown in FIG. 3;

FIG. 5 is a circuit diagram showing an equivalent circuit
of an input protection circuit section shown in FIG. 3;

FIG. 6 is a sectional view showing the second embodi-
ment of the present invention;

FIG. 7 is a sectional view showing the third embodiment
of the present invention;

FIG. 8 is a sectional view showing the fourth embodiment
of the present invention;

FIG. 9 1s a circuit diagram showing an equivalent circuit
of the input protection circuit section shown in FIG. 8;

FIG. 10 is a sectional view showing the fifth embodiment
of the present invention;

FIG. 11 1s a plan view showing a pattern of a main part
of FIG. 10;

FIG. 12 is a sectional view showing the sixth embodiment
of the present invention;

FIG. 13 1is a sectional view showing the seventh embodi-
ment of the present invention;

FIG. 14 is a plan view showing a pattern of a main part
of FIG. 13;

FIG. 15 is a sectional view showing the eighth embodi-
ment of the present invention;

FIG. 16 is a sectional view showing the ninth embodiment
of the present invention; and

FIG. 17 is a view showing a circuit arrangement of a
semiconductor device using the circuit shown in FIG. 16.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Embodiments of the present invention will be described
below with reference to the accompanying drawings.

FIGS. 3 and 4 show the first embodiment of the present

invention and an element structure of an input protection
circuit section of an LSI, e.g., 16-Mbit DRAM.

In an input protection circuit section IPC shown in FIGS.
3 and 4, a p-type well region (p-well region) 17 is formed in
a part of the surface region of an n-type semiconductor
substrate 11. An n™-type first semiconductor region (n*-type
diffusion layer) 12 1s formed in a part of the surface region
of the p-well region 17, and an input pad 18 for receiving an
external signal is connected to the first semiconductor region
12. The input pad 18 is arranged near the first semiconductor
region 12 and connected to an input circuit IN of an
integrated circuit constituted by, e.g., an inverter circuit and
to an external terminal 16 for receiving an external signal.

N*-type second semiconductor regions (n"-type diffusion
layers) 13 and 14 are formed on parts of the surface region
of the p-well region 17 and on both the sides of the first
semiconductor region 12. A constant potential, e.g., a ground
potential Vss is applied to each of the second semiconductor
regions 13 and 14. A p™-type third semiconductor region
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(p™-type diffusion layer) 15 is formed in a part of the surface
region of the p-well region 17 around the second semicon-
ductor regions 13 and 14. The third semiconductor region 15

is constituted by a part 15a formed along the second
semiconductor region 13 and a part 153b formed along the

second semiconductor region 14. A constant potential, e.g.,
the ground potential Vss, 1s applied to the third semicon-
ductor region 15. Therefore, the potential of the well region
17 is set at the ground potential Vss through the third
semiconductor region.

The well region 17 includes no semiconductor region
other than the first, second, and third semiconductor regions
12, 13, 14, and 15. That is, as shown in FIG. 3, the input
protection circuit section is formed in the independent well
region 17, other circuits are formed in a p-type well region
17a arranged in the semiconductor substrate 11 indepen-
dently of the well region 17. Memory cells MC for consti-
tuting a memory cell array section are formed in the well
region 17a. Each of the memory cells MC 1s constituted by,
e.g., a MOS transistor 170 and a capacitor 17¢. In addition,
in the well region 174, a cell peripheral circuit section and
the like are formed, and a p*-type diffusion layer 174 is
formed. A predetermined potential, e.g., the back gate bias
potential V,, is applied to the p™-type diffusion layer 17d.
Therefore, the potential of the well region 17a is set at the
potential V,, through the p™-type diffusion layer 17d.

FIG. 5§ shows the equivalent circuit of the input protection
circuit section IPC shown in FIGS. 3 and 4. Reference
numeral 19 denotes a parasitic transistor (npn transistor)
formed by the n™-type diffusion layer 12, the p-well region
17, and the n™-type diffusion layers 13 and 14, and reference
numeral 10 denotes a parasitic diode formed by the n™-type
diffusion layer 12, the p-well region 17, and the p™-type
diffusion layer 15.

With the above arrangement, the parasitic transistor 19
and the parasitic diode 10 are formed in the input protection
circuit section IPC, and the input protection circuit section
IPC 1s surrounded by the well region 17 in the n-type
substrate 11 independently of the transistors constituting the
memory cell array section or cell peripheral circuit section.
In addition, the base potential of the parasitic transistor 19,
i.e., the potential of the p-well region 17, is not set at the
back gate bias potential V55 but set at the ground potential
Vss.

When a high voltage is accidentally applied to the exter-
nal terminal connected to the input pad 18 or electrostatic
discharge occurs at the external terminal 16, an overcurrent
flows into the parasitic transistor 19 connected to the input
pad 18 but does not flow in the memory cell array section
and the cell peripheral circuit section. Therefore, breakdown
of the circuit elements in the integrated circuit can be
prevented. In this case, even when a considerable amount of
current flows into the p-well region 17 during the flow of the
overcurrent into the parasitic transistor 19, the substrate
current is kept stable, the transistors of the memory cell
array section and the cell peripheral circuit section are not
broken down.

In a test of the integrated circuit, when the negative input
potential (V,,) for the test 1s applied to the external terminal
16 connected to the input pad 18 to cause a current to flow
into the parasitic diode 10, in this embodiment, the substrate
potential can be kept stable. Therefore, transistors of other

~ circuits except for the input protection circuit section IPC

63

are not erroneously operated.

FIG. 6 shows the second embodiment of the present
invention. The same reference numerals as in the first
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embodiment denote the same parts in FIG. 6, and a detailed
description thereof will be omitted.

In the second embodiment, an n™-type diffusion layer 13
is connected to a p™-type diffusion layer 154, and an n*-type

diffusion layer 14 is connected to a p*-type diffusion layer
15b. |

According to the second embodiment, the same effect as
described in the first embodiment can be obtained. In this
embodiment, in order to reinforce a counter-measure against
clectrostatic discharge, a diffusion layer 12 is preferably
formed to be close to the n"-type diffusion layers 13 and 14
to increase an operation speed of a parasitic transistor 19.

F1G. 7 shows the third embodiment of the present inven-
tion. The same reference numerals as in the first embodiment
denote the same parts in FIG. 7, and a detailed description
thereof will be omitted.

In this embodiment, in a well region 17, an n-well region
30 is formed immediately below an n*-type diffusion layer
12. With this arrangement, upon electrostatic discharge, the
n"-type diffusion layer 12 can be protected from an over-
current by the n-well region 30, and breakdown of the
n*-type diffusion layer 12 can be prevented.

FIG. 8 is the fourth embodiment of the present invention.
The same reference numerals as in the first embodiment
~ denote the same parts in FIG. 8, and a detailed description
thereof will be omitted.

- In this embodiment, a distance a between an n*-type

diffusion layer 13 and a p’-type diffusion layer 15z and a
distance a between an n'-type diffusion layer 14 and a
p -type diffusion layer 155 are set to be larger than a
distance b between an n”-type diffusion layer 12 and an
n'-type diffusion layer 13 and a distance b between the
n"-type diffusion layer 12 and the n*-type diffusion layer 14.

This distance b 1s set to be larger than the design rule of the
integrated circuit.

FIG. 9 shows an equivalent circuit of the input protection
circuit section IPC shown in FIG. 8. The same reference
numerals as in the first embodiment denote the same parts in

FIG. 9, and a detailed description thereof will be omitted.

In this embodiment, a parasitic resistor 20 is connected
between the anode of a parasitic diode 10 and a ground
potential Vss. The parasitic resistor 20 is a parasitic well
resistor formed between the n™-type diffusion layer 12 and
the p™-type diffusion layers 15a and 15b.

In this embodiment, the same effect as described in the
first embodiment can be obtained. In addition, this embodi-
ment is different from the first embodiment in the following
description. That is, in the fourth embodiment, the p™-type
diffusion layers 15a and 15b are formed at the outer periph-
eral portion of the well region 17, and the parasitic resistor
20 between the n"-type diffusion layer 12 and the p*-type
diffusion layer 154 and the parasitic resistor 20 between the
n'-type diffusion layer 12 and the p*-type diffusion layer
15b are set to have larger resistances than those of the first
embodiment. For this reason, when a negative input poten-
tial (V,,) for the test is applied and a negative potential lower
than a ground potential Vss by a forward-bias potential V.

of the parasitic diode 10 is input to a pad 18, the parasitic

diode 10 is not easily turned on by the operation of the
parasitic resistor 20. Therefore, no large current flows into

the entire integrated circuit, no conventional malfunction
OCCUrs.

FIGS. 10 and 11 show the fifth embodiment of the present

invention. The same reference numerals as in the first
embodiment denote the same parts in FIGS. 10 and 11, and
a detailed description thereof will be omitted.
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In FIGS. 10 and 11, a p'-type diffusion layer 15a is
connected to a ground potential Vss through a resistor
element 31, and a p™-type diffusion layer 15b is connected
to the ground potential Vss through a resistor element 32.

More specifically, as shown in FIG. 11, the p*-type
diffusion layers 15z and 15b are connected to one terminal
of the resistor element 31 and one terminal of the resistor
element 32 through a first aluminum wiring layer 1Al,
respectively. The other terminal of each of the resistor
elements 31 and 32 is connected to the ground potential Vss
through a second aluminum wiring layer 2A1 formed on the
first aluminum wiring layer 1Al. This second aluminum
wiring layer 2A1 is connected to n™-type diffusion layers 12
and 13. The resistor elements 31 and 32 are made of, e.g.,
polysilicon having a resistance of about 10 k€. Diffusion
resistors can be used as the resistor elements 31 and 32.

In this embodiment, since the ground potential Vss
applies a potential to the p*-type diffusion layers 15a and
156 through the resistor elements 31 and 32, respectively,
the potentials of the p*-type diffusion layers 154 and 155 are
lower than the ground potential Vss. Therefore, when a
negative input potential (V,,) for the test is applied to an
input pad 18 such that the potential of the input pad 18 is set
to be lower than the ground potential vss by the forward-bias
voltage V. of the parasitic diode 10, the parasitic diode 10
18 not easily turned on by the operations of the resistors 31
and 32. Therefore, no large current flows into the entire
integrated circuit, and no conventional malfunction occurs.

With the above arrangement, when electrostatic discharge
occurs or the negative input potential (V,,) for the test is
applied, the substrate potential can be kept stable, break-
down of transistors for constituting other circuits except for
the input protection circuit section can be prevented.

FIG. 12 shows the sixth embodiment of the present
invention. The same reference numerals as in the first
embodiment denote the same parts in FIG. 12, and a detailed
description thereof will be omitted. |

In this embodiment, n*-type diffusion layers 13 and 14 ar
connected to a ground potential Vss, and p*-type diffusion
layers 15a and 15b are connected to a back gate bias
potential V,,. This back gate bias potential V4, 1s set at,
e.g.,—2 to =3V, and set to be lower than the potential vss=0V
of the n"-type diffusion layers 13 and 14. |

In this embodiment, the n*-type diffusion layers 13 and 14
are set at the ground potential Vss, and the p™-type diffusion
layers 13a and 15b are connected to the back gate bias
potential V,, lower than the ground potential Vss. For this
reason, when a negative input potential (V,;) for test is
applied such that the potential of an input pad 18 is set to be
lower than the back gate bias potential Vg5 by a forward-
bias voltage v of a parasitic diode 10, the parasitic diode 10
1s turned on. However, when the potential of the input pad
18 is set to be lower than the ground potential Vss by the
forward-bias voltage V. of the parasitic diode 10, the
parasitic diode is not turned on. Therefore, no large current
flows into the entire integrated circuit, and no conventional
malfunction occurs.

With the above arrangement, when electrostatic discharge
occurs or the negative input potential (V,;) for testing is
applied, a substrate potential can be kept stable, breakdown
of transistors for constituting other circuits except for the
input protection circuit can be prevented.

FIGS. 13 and 14 show the seventh embodiment of the
present invention. The same reference numerals as in the
sixth embodiment denote the same parts in FIGS. 13 and 14,
and a detailed description thereof will be omitted.
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In this embodiment, a p'-type diffusion layer 15a is
connected to a back gate bias potential V,, through a
resistor element 41, and a p,-type diffusion layer 155 is
connected to the back gate bias potential (for example,
ground potential) V5 through a resistor element 42. The
resistor elements 41 and 42 are constituted by, e.g., poly-
silicon. Diffusion resistors can be used as the resistor ele-

ments 41 and 42. According to the above arrangement, the
same effect as described in the sixth embodiment can be

obtained.

FIG. 15 shows the eighth embodiment of the present
invention. The same reference numerals as in the seventh
embodiment denote the same parts 1n FIG. 15, and a detailed
description thereof will be omitted.

In this embodiment, in a well region 17, an n-well region
30 is formed immediately below an n™-type diffusion layer
12. With the above arrangement, when electrostatic dis-
charge occurs, the n*-type diffusion layer 12 can be pro-
tected from an overcurrent by the n-well region 30, and
breakdown of the n"-type diffusion layer 12 can be pre-
vented.

In the seventh embodiment, as a countermeasure against
the electrostatic discharge, a back gate bias potential Vg,
may be arranged independently of the normal back gate bias
potential, a leak path may be formed between the back gate
bias potential V5, and the ground potential Vss, or a leak
path may be formed between a power supply Vcc and the
back gate bias potential V 5. Therefore, a substrate potential
upon the electrostatic discharge can be prevented from being
unstable.

FIGS. 16 and 17 show the ninth embodiment of the
present invention. The same reference numerals as in the
sixth embodiment denote the same parts in FIGS. 16 and 17,
and a detailed description thereof will be omitted.

In this embodiment, a ground potential Vss 1s applied to
n*-type diffusion layers 13 and 14, and a first back gate bias
potential V., is applied to p*-type diffusion layers 154 and
15b. The first back gate bias potential Vg, 1s set at, e.g., —2
to —3V and set to be lower than the potential Vss =0V of the
n'-type diffusion layers 13 and 14. A second back gate bias
potential VBB, is applied to a semiconductor substrate 11.

That is, as shown in FIG. 17, in the semiconductor
substrate 11, an input protection circuit section IP(C, a
peripheral circuit 60, and a memory cell array section 61 are
arranged. In addition, in the semiconductor substrate 11, a
first potential generating circuit 62 for generating the first
back gate bias potential V.5, and a second potential gen-
erating circuit 63 for generating the second back gate bias
potential VBB, are arranged. The first back gate bias poten-
tial V55, is applied from the first potential generating circuit
62 to the input protection circuit section IPC, and the second
back gate bias potential VBB, is applied from the second
potential generating circuit 63 to the peripheral circuit 60
and the memory cell array section 61. The first and second
back gate bias potentials VBB, and VBB, may be set to be
equal to each other or set at potentials different from each
other.

With the above embodiment, the back gate bias potential
applied to the peripheral circuit 60 and the memory cell
array section 61 is independent of the back gate bias
potential applied to the input protection circuit section IPC.
Therefore, when a negative potential is input to an input pad
18 to cause a large current to flow into a parasitic diode 10,
an output potential of the first potential generating circuit 62
is changed through the p™-type diffusion layers 154 and 155.
In this case, the input protection circuit section IPC is
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separated from other circuits by a well region 17, and an
output potential of the first potential generating circuit 62 is
not applied to other circuits except for the input protection
circuit section IPC. For this reason, an erroneous operation
of other circuits except for the input protection circuit
section IPC, caused by noise generated by the large current,

can be prevented.

Note that, in the fifth to eighth embodiments, the p*-type
diffusion layer 15 is not necessarily formed at the peripheral
portion of the p-well region 17.

Additional advantages and modifications will readily
occur to those skilled in the art. Therefore, the invention in
its broader aspects is not limited to the specific details, and
representative devices shown and described herein. Accord-
ingly, various modifications may be made without departing
from the spirit or scope of the general inventive concept as
defined by the appended claims and their equivalents.

What 1s claimed 1s:
1. A semiconductor device comprising:

a semiconductor substrate of a first conductivity type;

a well region of a second conductivity type formed in a
part of a surface region of said semiconductor sub-
strate;

a first semiconductor region of the first conductivity type
formed in a part of a surface region of said well region
and connected to an input pad for receiving an external
signai;

second semiconductor regions of the first conductivity
type respectively formed at opposing sides of the first
semiconductor region in the surface region ot said well
region, said second semiconductor regions being con-
nected to a ground potential; and

a third semiconductor region of the second conductivity
type formed entirely within the surface region of said
well region and connected to the ground potential, said
third semiconductor region being arranged around said
second semiconductor regions, wherein each of said
second semiconductor regions contacts said third semi-
conductor region;

wherein said first semiconductor region, said well region,
and said second semiconductor regions form a parasitic
bipolar transistor between said input pad and the
ground potential, and said first semiconductor region,
said well region, and said third semiconductor region
form a parasitic diode in parallel with said parasitic
bipolar transistor between said input pad and the
ground potential, and

wherein said well region includes no semiconductor
region other than said first, second, and third semicon-
ductor regions and is formed independently of other
semiconductor circuits arranged in said semiconductor
substrate.

2. A semiconductor device comprising:

iconductor substrate of a first conductivity type;

a first well region of a second conductivity type formed in
a first part of a surface region of said semiconductor
substrate;

a memory circuit formed in said first well region;

a second well region of the second conductivity type
formed in a second part of the surface region of said
semiconductor substrate;

a first semiconductor region of the first conductivity type
formed in a part of a surface region of said second well
region, said first semiconductor region being connected
to an input pad for receiving an external signal and to
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an input circuit for supplying the external signal to said
memory circuit formed in said first well region;

a second semiconductor region of the first conductivity
type formed in the surface region of said second well
region and formed near said first semiconductor region,
said second semiconductor region being connected to a
ground potential; and

a third semiconductor region of the second conductivity
type formed entirely within the surface region of said
second well region on a side of said second semicon-
ductor region opposite to a side on which said first

semiconductor region is formed, said third semicon-
ductor region being connected to the ground potential.

3. A device according to claim 2, wherein said second well
region includes no semiconductor region other than said
first, second and third semiconductor regions.

4. A semiconductor device comprising:

a semiconductor substrate of a first conductivity type;

a well region of a second conductivity type formed in a

part of a surface region of said semiconductor sub-
stratce;

a first semiconductor region of the first conductivity type
formed in a part of a surface region of said well region,
said first semiconductor region being connected to an
input pad for receiving an external signal;

second semiconductor regions of the first conductivity

type respectively formed at opposing sides of said first

semiconductor region in the surface region of said well
region; and

a third semiconductor region of the second conductivity
type formed in the surface region of said well region,

said third semiconductor region being arranged around
said second semiconductor regions,

wherein said well region includes no semiconductor
‘region other than said first, second, and third semicon-

- ductor regions and is formed independently of other
semiconductor circuits arranged in said semiconductor
substrate, said second semiconductor regions are con-
nected to a first potential, and said third semiconductor

region is connected to a second potential lower than the
first potential, and

wherein said first semiconductor region, said well region,
and said second semiconductor regions form a parasitic
bipolar transistor between said input pad and the first
potential, and said first semiconductor region, said well
region, and said third semiconductor region form a
parasitic diode between said input pad and the second
potential.

5. A device according to claim 4, wherein the first
potential 18 a ground potential, and the second potential is a
back gate bias potential.

6. A device according to claim 5, wherein the back gate
bias potential is connected to said third semiconductor
region through a resistor element.

7. A semiconductor device comprising:

a semiconductor substrate of a first conductivity type;

a well region of a second conductivity type formed in a

part of a surface region of said semiconductor sub-
strate;

a first semiconductor region of the first conductivity type

- formed 1n a part of a surface region of said well region,
said first semiconductor region being connected to an
input pad for receiving an external signal;

second semiconductor regions of the first conductivity
type respectively formed at opposing sides of said first
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10
semiconductor region in the surface region of said well
region; and |
a third semiconductor region of the second conductivity
type formed in the surface region of said well region,

said third semiconductor region being arranged around
said second semiconductor regions,

wherein said well region includes no semiconductor
region other than said first, second, and third semicon-
ductor regions and is formed independently of other
semiconductor circuits arranged in said semiconductor
substrate, said second semiconductor regions are con-
nected to a ground potential, said third semiconductor
region is connected to a first back gate bias potential
lower than the ground potential, and said semiconduc-
tor substrate is connected to a second back gate bias
potential different from the first back gate bias poten-
tial, and
wherein said first semiconductor region, said well region,
and said second semiconductor regions form a parasitic
bipolar transistor between said input pad and the
ground potential, and said first semiconductor region,
said well region, and said third semiconductor region
form a parasitic diode between said input pad and the
first back gate bias potential. |
8. A device according to claim 7, further compnsmg first
and second potential generating circuits, arranged on said

semiconductor substrate, for respectively generating the first
and second back gate bias potentials.
9. A device according to claim 7, wherein the first

conductivity type is an n type, and the second conductivity

type 1s a p type.
10. A semiconductor device, comprising:

a semiconductor substrate of a first conductivity type;

a well region of a second conductivity type formed in a
part of a surface region of said semiconductor sub-
strate;

a first semiconductor region of the first conductivity type
formed 1n a part of a surface region of said well region
and connected to an input pad for receiving an external
signal; |

second semiconductor regions of the first conductivity
type respectively formed at opposing sides of the first
semiconductor region in the surface region of said well
region; and |

a third semiconductor region of the second conductivity
type formed entirely within the surface region of said
well region, said third semiconductor region being
arranged around said second semiconductor regions
and said second semiconductor regions being in contact
with said third semiconductor region, said second semi-
conductor regions and said third semiconductor region
being connected to a ground potential,

wherein said well region includes no semiconductor
region other than said first, second, and third semicon-
ductor regions and i1s formed independently of other
semiconductor circuits arranged in said semiconductor
substrate.

11. A semiconductor device, comprising:

a semiconductor substrate of a first conductivity type;

a well region of a second conductivity type formed in a
part of a surface region of said semiconductor sub-
strate;

a first semiconductor region of the first conductivity type
formed 1n a part of a surface region of said well region
and connected to an input pad for receiving an external
signal,
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second semiconductor regions of the first conductivity
type respectively formed at opposing sides of the first
semiconductor region in the surface region of said well
region, said second semiconductor regions being con-
nected to a ground potential; and

a third semiconductor region of the second conductivity
type formed entirely within the surface region of said
well region, said third semiconductor region being
arranged around said second semiconductor regions,
and said third setmconductor region being connected to
the ground potential through a resistor,

wherein said well region includes no semiconductor
region other than said first, second, and third semicon-
ductor regions and i1s formed independently of other
semiconductor circuit arranged in said semiconductor
substrate.

12. A semiconductor device comprising:

a semiconductor substrate of a first conductivity type;

a well region of a second conductivity type formed in a
part of a surface region of said semiconductor sub-
strate;

a first semiconductor region of the first conductivity type
formed in a part of a surface region of said well region
and connected to an input pad for receiving an external
signal;

second semiconductor regions of the first conductivity
type respectively formed at opposing sides of the first
semiconductor region in the surface region of said well
region, said second semiconductor regions being con-
nected to a ground potential;

a third semiconductor region of the second conductivity
type formed entirely within the surface region of said
well region and connected to the ground potential, said
third semiconductor region being arranged around said
second semiconductor regions; and

a resistor connected to said third semiconductor region,

wherein said first semiconductor region, said well region,
and said second semiconductor regions form a parasitic
bipolar transistor between said input pad and the
ground potential, and said first semiconductor region,
said well region, and said third semiconductor region
form a parasitic diode in parallel with said parasitic
bipolar transistor between said input pad and the
ground potential, and

wherein said well region includes no semiconductor
region other than said first, second, and third semicon-
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ductor regions and is formed independently of othet
semiconductor circuits arranged in said semiconductor
subsirate.

13. A semiconductor device comprising:

a semiconductor substrate of a first conductivity type;

a well region of a second conductivity type formed in a
part of a surface region of said semiconductor sub-
strate;

a first semiconductor region of the first conductivity type
formed in a part of a surface region of said well region,
said first semiconductor region being connected to an
input pad for receiving an external signal;

second semiconductor regions of the first conductivity
type respectively formed at opposing sides of said first
semiconductor region in the surface region of said well
region;

a third semiconductor region of the second conductivity
type formed in the surface region of said well region,
said third semiconductor region being arranged around
said second semiconductor regions; and

a fourth semiconductor region of the first conductivity
type formed in said well region immediately below said
first semiconductor region, an impurity concentration
of said fourth semiconductor region being lower than
an impurity concentration of said first semiconductor
region, |

wherein said well region includes no semiconductor
region other than said first, second, third, and fourth
semiconductor region and is formed independently of
other semiconductor circuits arranged in said semicon-
ductor substrate, satd second semiconductor regions are
connected to a first potential, and said third semicon-

ductor region 1s connected 10 a second potential lower
than the first potential,

wherein said first semiconductor region, said well region,
and said second semiconductor regions form a parasitic
bipolar transistor between said input pad and the first
potential, and said first semiconductor region, said well
region, and said third semiconductor region form a
parasitic diode between said input pad and the second
potential, and

wherein the first potential is a ground potential and the
second potential is a back gate bias potential.
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